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A MOSTfiOD EOR MAKING- QUANTITATIVE STUDIES OE THE MAIN SPRAY 
CHARACTERISTICS 0? FLYING-BOAT HULL MODELS 
By E. W. S. Locke, Jr. and Helen L. Bott 
SUI1MASY 

A method and apparatus for making quantitative tests of the 
spray characteristics of f lying-boat-hull models has been developed. 
Three-view photographs are taken on one negative, with the aid of 
mirrors; measurements are made from the photographs, and the results 
are presented in the form of charts which show the side view and the 
front view of the envelope curves of the principal features of the 
spray as functions of speed and load. The spray envelopes are 
located on these charts with reference to the model (not the undis- 
turbed water surface), so that, "by superimposing a transparent draw- 
ing of a proposed complete flying boat, interferences may be detected 
at a glance. An example of the latter procedure is shown in fii^rure 
5. Here data are given for the lower speed range only, this range 
being of more importance, in most cases, than the planing range. 

The method is applied, in this report, to three related models 
of flying-boat hulls which differed in one major characteristic of 
shape; namely, the general overall dead rise. Spray and roach 
characteristics in smooth water are considered. The models had no 
tail extensions and were not self -propelled. 

From the results obtained, it is concluded that larger dead- 
rise angles than are ordinarily employed (about 20° at the main step) 
produce very slightly lower spray blisters in the lower speed range 
and that smaller dead-rise angles are quite undesirable, especially 
at high speeds; it is concluded, also, that the roach at the stern 
(which may interfere with the tail cone at speeds just prior to the 
hump) becomes lower as the dead rise is increasedo 

In an appendix a review is made of the problem of scale effect 
in spray measurements on models. It is concluded that, apart from 
questions regarding the effect of propeller slipstream, model and 
flying boat may be expected tQ have strikingly similar spray under 
corresponding conditions. 



INTRODUCTION 



The spray thrown up "by flying-boat hulls during take-off and 
landing may damage the propellers, the wings, or the tail surfaces. 
The spray and the stern roach may cause additional resistance, thus 
hampering take-off e 

One of the objects of the work considered in this report was to 
develop a simple method, together with apparatus, for making quanti- 
tative measurements of spray created "by a flying-boat-hull model 
while moving on the water. 

Another objective of the work was to develop a form of pre- 
sentation of results which would give the designer a quick, vivid 
picture, and permit ready comparison between hull forms. The form 
of presentation adopted involves plots of the results on outline 
side and front views of the model, as shown in figure 5. r i'ke XP32M-1 
flying boat has been drawn in on this chart to illustrate how inter- 
ferences with parts of the airplane can be brought out* A designer 
can easily prepare a similar drawing of any proposed design on trans- 
parent paper and, by laying the transparent sheet over the appropriate 
chart of test results, determine directly the space relations between 
parts of the proposed airplane and the spray when the hull in ques- 
tion is used. It should be noted that, while the tests herein re- 
ported were made without tail cones, the tail cone can easily be in- 
corporated in the model if desired. 

This investigation, conducted at the Stevens Institute of 
Technology s was sponsored by, and conducted with financial assistance 
from, the National Advisory Committee for Aeronautics. 



METHOD FOR RECORDING SPRAY 

The subject of spray characteristics has received considerable 
attention in the past, but most ox the previous work appears to have 
been essentially qualitative in character. 

Sottorf (reference l) used a method of measuring the height and 
contour of the spray in one plane relative to the still water by 
means of ''measuring needles. 1 ' His method was discarded for present 
use as being too time-consuming and not giving sufficiently complete 
information. Careful thought was given to several other methods ot 
measuring the spray and it was finally decided that photographic 
methods offered the greatest possibilities for obtaining accurate re- 
sults quickly. 
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Satisfactory photographs of flying-boat models require very 
short exposures to stop the motion. Dr. Harold E„ Edgerton of 
the Massachusetts Institute of Technology has developed several 
types of light suitable for the purpose. One type, adapted to 
single shots, is marketed under the trade name Kodatron, It 
gives a flash time of somewhat less than 0.0002 second. Opera- 
ting on the principle of the rapid discharge of a condenser, 
time (normally 10 sec or more) is reauired to charge the conden- 
ser after each discharge. Another type of light is designed to 
give a continuous series of rapid flashes. Operating on ordi- 
nary alternating current, it flashes sixty times a second, the 
period of each flash being about 0.00005 second. When used with 
a motion-picture camera, the camera shutter is removed and the 
film fed through at a constant speed so that 60 photographs per 
second are recorded* 

Where performance in still water gives sufficiently complete 
information, a single photograph of large size is obviously "better 
than a series of photographs which, for reasons of convenience in 
presentation, must necessarily he smaller. One photograph will 
show as much as a series because the spray and wave patterns are 
of uniform pattern once the hull has "been brought up to steady 
speed. Where knowledge of performance in rough water is necessary, 
a series of photographs is preferable because the spray and wave 
patterns change with the relative positions of the hull and waves. 

The forebody of a flying-boat hull causes at least two, more 
or less distinct, types cf spray. These are illustrated in the 
sketches in figure 6. The first type grows out cf the bow wave 
at very lew speeds and builds up in the form of a blister of in- 
creasing height, with its peak progressively farther aft, as the 
speed advances toward the planing range. Although influenced to 
some extent by rough water, this type of spray may be considered 
to be primarily a smooth-water characteristic, end studied as 
such. The second type of forebody spray is primarily a rough- 
water characteristic and is attributable to impact with head seas 
of the relatively blunt form of the bow itself; it can be parti- 
cularly objectionable in obscuring vision through the windshield, 

A third type of spray is produced by the afterbody of a 
flying-boat hull. The afterbody, in combination with the wake of 
the forebody, causes a roach (or "rooster's tail") which follows 
the hull behind the stern post, and often reaches a considerable 
height at speeds within a narrow range near the hump; it is 
largely uninfluenced by rough water. 



This report is concerned with the first type of forebody 
spray and with the roach, Hence, the tests could be made in 
still water and the single photograph method could be used. 

Another factor to he considered, apart from the question 
of smooth or rough water (single phbtogra.ph against motion- 
picture record) , was the number cf dimensions in which spray 
form should "be studied. For the roach, which is essentially 
two-dimensional , a side view tells the whole story, For the 
blister, side, front, and plan views are all of value, and a 
method and apparatus has been developed by which all three 
viev/s may be taken simultaneously by one camera and appear on 
the same negative. 

A schematic sketch on figure 1 and the photograph on 
figure 2 show the general layout of the photographic arrange- 
ments,, Two high-speed Edgerton Kodatron lights, connected in 
parallel, are used for illumination. The camera is mounted 
on the ceiling above the tank and takes a direct top view of 
the model. Two large mirrors are arranged so that the camera 
sees a front view of the model in one mirror and a side view 
in the other. The electrical circuit for the lights is com- 
pleted by a switch actuated by the towing carriage. 

The height of the peak of the spray blister above the fore- 
body keel and its longitudinal location, with respect to the 
main step, can be read directly from the side view with the aid 
of a grid tainted on the side of the model; foreshortening is 
small in this viow and can be neglected. The lateral location 
of the peak of the blister can be obtained from the front view 
with the aid of a separate photograph of a calibration grid. 
Because of the foreshortening in the front view, a series of 
photographs has been prepared for various longitudinal posi- 
tions of the calibration grid with respect to the -oosition in 
which the model is photographed; the ^articular grid ohotograph 
is then selected for which the grid position most nearly coin- 
cides with the longitudinal location of the blister peak, as 
already determined from the side view. The accuracy of the pro- 
cedure as a whole can be judged by the scatter of the test points 
on the various charts of test results. 

The tests reported herein were carried out in greater de- 
tail than is considered necessary for future work. This was 
done to provide a broad background at the start. On the basis 
of this background, it is believed that about half as many tests 
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will be sufficient in further work - the reduction "being effected 
mainly "by omitting speeds, particularly in the planing range, 
which is of less interest. The testing time thus saved will not 
"be great, "but the saving in analysis time will "be considerable. 



APPLICATION 0? METHOD TO A STUDY Of EiPj?3CT 0? DEAD HISE 



Quantitative data are presented on the foreoody spray and 
on the stern reach for three related models incorporating sys- 
tematic changes in the general, over-all hull dead rise. In 
previous tests of the same models for resistance and porpoising 
characteristics, reported in reference 2, substantial qualitative 
differences in the spray characteristics had appeared to exist; 
these models were therefore chosen as "being of interest in them- 
selves, "besides "being appropriate models to use in a first trial 
of the newly-developed method of measuring spray. Data were ob- 
tained for ranges of speed and lord considered likely to occur 
in practice. 

Spray is ordinarily of more importance at speeds in the 
lower range than at planing speeds. For the lower speed range, 
because the longitudinal center of gravity is usually fixed with- 
in relatively narrow limits by considerations of trim in the plan- 
ing range, it is practicable for most purposes to reduce the data 
to a single chart representing free-to-trim tests with a single, 
appropriate center of gravity position (as on fig. 5 ^ov the 2C° 
dead-rise model). Such a chart will show, in convenient form for 
reference, most of the data needed - covering variations of speed 
and load - for a given hull form. 

The planing-range data are less readily combined on a single 
chart because trim angle has to be considered as an extra variable. 
But, since they are ordinarily of less importance than the lower- 
speed data, this is considered of small consequence arid no attempt 
to combine them has been made in this report. The lesser impor- 
tance of spray in the planing range is due mainly to the fact that 
the preponderance of the spray in this range is of very low mass, 
appearing largely as a mist. The high, solid sheets of spray, 
characteristic of the lower speeds, degenerate at planing speeds 
to les c -: solid sheets of much lower height, which are, in general, 
well clerr of all parts of the airplane. 

The results of the present tests indicate much smaller dif- 
ferences between the spray characteristics of the three models, 
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in the lower speed range, than were anticipated,, This is attrib- 
utatle, not to discrepancies "between the earlier qualitative in- 
dications and the quantitative measurements, "but mainly to the 
fact that the quantitative measurements relate the spray dimen- 
sions to the hull, whereas visual observation tends to relate 
them to the undisturbed water surface. This is an important dis- 
tinction; in order to decide upon questions of interference "be- 
tween the spray and various parts of the airplane, spray dimen- 
sions should obviously "be relative to the hull. 

Models 

The parent model of the series (Stevens Model Noo U39-0I) 
was basically a l/30-pcale model cf the XFB2M-1, with a 20° dead- 
rise angle at the main step c The other two (Models Nos« U39-O2 
and U39-03) had, respectively, 50 and 150 percent 01 the dead rise 
of the parent at each cross section. All three models differed 
from the models ordinarily used at this Tank in that the sides 
above the chines were vertical and extended to a much greater 
height and that the tail cone was omitted. A grid was painted on 
the starboard side to facilitate analysis of the photographs • 
Particulars are given on page 17 , and the lines of the models are 
on figures 3 ^* 

Setup 

The model was towed by a simple apparatus which permitted 
freedom in heave and (when desired) trim, and provided restraint 
in heel and yaw. 

Test Procedure 

All the tests were made at constant speeds and in substan- 
tially still water. The tests of each model followed the same 
basic program. In detail: 

1, Tests were made at each of a number of fixed 

speeds coverng the range up to get-away and 
spaced so a,s to get a comprehensive picture 
of the spray charac t or i sties * 

2. Tests at the lower speeds, up to and including 

the hump, were run f ree-tc~tr3m; at higher 
speeds, in the planing range, a number cf 
fixed trims were used. 



3, Values of the load coefficient were chosen to 
cover ranges cf values likely to be fcund in 
practice at the various speeds, 

U # At each test condition, a three-view photograph 
was taken of the model under way. Samples are 
given on fi retires 7 to 10* 

It was originally planned to obtain the roach measurements from 
the three-view photograph, but when this proved inconvenient, special 
supplementary side-view photographs were taken of the roa,ch. These 
covered the same ranges of loads but narrower ranges cf speeds. 

Discussion of Results 

Low-speed, fre e -to-tri m tests. - The results of the tests at 
lev; speeds, f ree-te-tri:n, are shown fcr the three models on figures 
11 to 13* These charts, one fcr each model, show the location of 
the peak of the blister, as measured from the photographs, together 
with envelope curves for variations of Cy. The actual measure- 
ments are shown by points; there is some scatter, but a straight line 
is seen to fit reasonably well the points for each value of . 
A cross section of the blister, at = G.SO and at the value of 

Cy (namely, 2 y 27) , which puts the peak near the longitudinal posi- 
tion of the main step, is shown in each view. These cross sections 
are not intended to be especially accurate, but rather to be illus- 
trative of the general extent of the blister. 

Figures iH to l6 combine the curves for the three different 
models, each figure covering one value of . From these charts 

it is clear that, in the low-speed region, increasing the dead rise 
lowers the blister height relative to the hull, but by only very 
little. 

Selected photographs are shown Cn figures 7 to 5; each sheet 
shows the three models at one value of and at the same value 

cf Cy (P. 27) used for showing the ^rcss sections of the blisters 
cn the charts previously described. It v/ill be noted that a slight 
decrease of the blister height with increasing dead rise is evident 
in the photographs on all three figures. Figure 10 repeats one pic- 
ture from each of the preceding figures to bring cut the effect of 
load on the parent model (2C° dead rise). 



The charts on figures 17 to 19 show the results of the supple- 
mentary tests to determine the profile of the roach* These charts are 
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to the same scale as the other charts in this report and are there- 
fore directly comparable. They indicate that the roach is cf 
critical importrnce only in a very short speed range, Cy about 
2.U tc 2.3. Envelope carves have been drawn and these are sum- 
marized in the chart cn figure 20. It will be seen that the model 
with 30° dead rise has by far the lowest roach at all three values 
of the load coefficient covered by the tests. The reach nay easily 
strike the tail cone, thereby causing substantial increases of 
resistance in the narrow speed range, near the hump, where the roach 
is greatest. 

Hi -^h- sp eed, fi x ed-t ri m tes ts, - In the high-speed region* tests 
were run at various values of fixed trim. This region was not as 
exhaustively studied as the low-speed region because it appeared to 
be of less interest. As the speed increases, the blister moves 
farther ait, as may be seen cn figures 25 to 33* a ^d at the light 
loads, ordinarily occurring in the planing range, the spray does 
not often become serious. 

There pre essentially two parts to the spray at high speeds, 
which are clearly seen in the photographs in figures 21 to 23. One 
part is the remnant into which the characteristic domelike blister 
has degenerated. This apporrs as a long, low, narrow rid^e, almost 
parallel to the hull. The other part, which was present in rudimen- 
tary form at lower speeds, shoots out laterally from the region cf 
the pressure area on the fcrebody. The following sketch shows the 
two parts. 
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The lateral spray appears to "be very dependent on the amount 
cf dead rise. With 10° dead rise at the step, the amount of spray 
coming eff laterally is tremendous, and increases with trim and 
load; it would seem almost certain to cause damage to any part of 
the airplane which it struck c As the dead rise increases, the 
height and volume of this spray diminishes rapidly* The remnant 
cf the "blister at high speeds does n^t appear to have very much 
importance, thougn it might occasionally cause trouble cn flying 
"boats having twin rudders placed low down. 

On all three models a tremendously confused, messy wake ap- 
peared in the planing range when the trim angle was high enough 
for the afterbody "bottom to "be wetted. This wake usually f ollowed 
up the afterbody sides and would have continued out along the tail 
cone if cne had "been present (c s evidenced "by other experience) , 
thereby causing important increases cf resistance. 

General discus sion, - The need for quantitative spray measure- 
ments on proposed designs is brought cut quite forcibly by the re- 
sults here presented. These results show, for instance, that dead 
rise does net hrve a very important influence on the height of the 
spray at low speeds when measured with respect to the hull. Yet 
there have been various comments, originating at this Tank as well 
as elsewhere (references 2, 3* *0 % to the effect that increased 

dead rise reduces the spray height. These comments are probably to 
be attributed to the tendency, previously suggested, for the eye to 
refer spray heights to the surrounding still-water surface rather 
than to the model. With increased deed rise the spray is lower rela- 
tive to the water surface, but the model sinks deeper into the water 
so th"t the net effect, relative to the form, is small. 

The chart on figure 5 shews the free-to- trim results obtained 
on the model with 20° dead rise, for the lew-speed range where the 
spray characteristics are cf most importance. The bottom of this 
model, up to and including the chines, is the same as the bottom 
of the XPB2M-1 hull. The main features cf the XPB2M-1 flying boat 
have been drawn in cn this chart, a,s previously mentioned. The in- 
board flap is sh.-wn deflected tc 30° ~ its normal position during 
take-off. It will be noted that for Cy * 2.5, whon would 
be about 0,80 with the normal gross lead of the flying boat, the 
spray clears the flap. However, as discussed at greater length in 
the appendix, special tests of a model of the XF32M-1, and ex- . 
perience with the actual flying boat, showed that comparatively 
large amounts cf spray struck the flap on the low side when a heel 
angle cf the order of 3 C was introduced. The present report does 
not cover the effects of heel angle; the XPB2M-1 case merely brings 
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out the need for further work in which it is considered. The chart 
shove that, with normal loading, the propellers are well clear of 
the spray; the reach, however, wets the tail cone and undoubtedly 
causes increased resistance for a short range of speeds. 

It is "believed that the method of spray measurement described 
in this report has several advantages. It allows reasonably ac- 
curate measurement of the spray characteristics. At the same time, 
the tests may "be run off quite quickly (as many as 90 photographs 
have "been taken by this method in 3 hr)« It is not necessary even 
that the photographs be analyzed if a designer is in a hurry for 
an answer. With tests of twe models under otherwise identical ccn- 
ditions, a photographic negative for one model can be laid on a 
photographic positive for the other and direct comparison made. 
It is believed that the method can be used to advance a general 
knowledge of spray and reach characteristics and thereby contri- 
bute to improvement of hull designs. 

Further basic work appears necessary to clarify the effects 
on the spray characteristics of running propellers and of heel angl 

CONCLUSIONS 

1. A simple and rapid means has been developed for making 
quantitative spray tests on models of flying-boat hulls. 

2. On the basis of results obtained on three models, it is 
concluded regarding the effect of dead rise, that: 

(a) Spray is, in general, cf more importance at 

lower speeds than at planing speeds. 

(b) At the lower speeds, up to and including the 

hump, the hull dead rise does not have a very 
pronounced effect on the height of the spray, 
when this is measured relative to the hull, 
though increasinc the dead rise lowers the 
spray very slightly. Greater load increases 
the spray height very rapidly on all three of 
the models investigated. 
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(c) At speeds just prior tc the hump, the roach at 

the stern is dependent, to a marked degree, 
on the deal rise. Increasing the dead rise 
lowers the height of the roach. Greater load 
increases the height of this roach . 

(d) At planing speeds the remnants of the "blister 

are not very important. The spray that is 
thrown cut laterally is very high at lev; dead- 
rise angles. Its height increases as trim 
angle and load are increased - singly ^r in 
combination, 

3e Prom the discussion in the appendix, it is concluded that, 
with nearly all reasonably conventional mcdels, no true scale effect 
on spray need "be expected. 

Stevens Institute of Technology, 

Hcboken, IT. J. , July 28, I9H3. 



APPENDIX 



GENERAL NOTES 01? SCALE S?FECT IN SPRAY TESTS 

The question of scale effect rn spray formation arises from 
time to time. (See, f t instance, reference 5 V ) The thought ap- 
pears to "be that surface tension, or something of that sort, which 
is unimportant in flying-boat size, becomes of sufficient impor- 
tance in model size to influence the spray pattern, even though it 
does not appreciably affect true gravity waves. Certain well-known 
experiments cf Sottorf on a particular series of mcdels of differ- 
ing size (reference 6) are sometimes quoted in support of this 
view. But Sottorf 1 s experience does not seem to have been borne 
out generally, and may possibly be an isolated case. 

To the casual observer there are large apparent differences 
between the spray blister on a flying boat and that on a model. 
These differences are certainly attributable in large part tc the 
fact that the spray blister on a model ordinarily has a distinctly 
"glassy" appearance, while on a flying boat it is split up into 
myriads of droplets. However, under the right conditions, glassy 
blisters will sometimes form at full-scale, while, on the other 
hand, the model blister can be broken up by reducing the surface 
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tension. Experiments on models have "been made at this Tank, for 
instance, in which the surface tension of the water was reduced 
in the ratio of about 1:3 by the addition of a "vetting agent". 
The result was to "break up the "blister into fine spray; the 
envelope shape was, however, practically unchanged, and its height 
and location unaltered. 

Ccombes, in references 7 Bn& 8, states that, with sharp chines 
flying "boat and model may be expected to give very similar results. 
He goes on to say that :n /'ith rounded chines, the flow- an the small 
model breaks away, but that on the large one fellows round the 
chines , . . . " This can hardly be due to surface tension since 
the smaller model has proportionately larger surface tension forces 
and the statement is in direct opposition to the usual criticism 
that the "flew" (presumably Cocmbes is referring to a thin sheet) 
on a smaller model tends to follov; a convex surface more readily 
than on a large model. But the fact is, in any case, that most 
forms have sharp chines <> 

Mitchell (reference 9) adds to the confusion, in discussing 
the behavior of l/S- and 1/12-scale models, when he states that tho 
smaller "model also appeared much dirtier than the larger one, n 

Richardson (reference 10) tells of one instance in which 
moving pictures of the waves created by models were compared with 
moving pictures of the waves created by full-size flying boats, the 
comparison showing remarkable agreement. In another instance, a 
now model, based on an old one but to a different scale, appeared 
to give more spray than the original; on retesting both on the same 
occasion, however, the conditions were found to be substantially 
identical. Further, photographs showed trie full size to be in good 
agreement with the models. 

Early full-scale flight tests r£ the XPB2M-1 showed that, at 
moderate speed? during take-off, large quantities ?f heavy spray 
occasionally struck cne of the wing flaps with sufficient force 
to cause damage. It appeared that the damage occurred on the low 
side while the airplane was heeled far enough to put the low wing- 
tip float onto the water. Model experiments were undertaken at 
this Tank to investigate this matter. A wire frame representing 
tho outline of the flap was fitted to a l/3C— scale model (having 
the same beam as the models considered in this report). It was 
found that with no heel angle the spray blister just missed tho 
"flap," and this was borne out by moving pictures of a l/12-scale 
;acdel tested by the NACA (likewise without self-propulsion). Hew- 
ever, when the l/30-scale model was given the same heel angle as 
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the full-size airplane, the spray "blister passed through the wire 
representation of the flap* Alterations to the model succeeded 
in correcting the trouble, and the same alteration was applied 
successfully tc the actual flying boat. This is the most satis- 
factory confirmation of similarity in the spray formations on 
model and flying "boat within the experience of this Tank, and it 
should he especially noted that it wes obtained with a model which 
was not self-propelled. 

Self-propelled-model tests of a twin-engine flying boat have 
been reported by the EACA in reference 11, where it is stated that 
u . . o the slipstream greatly increases the height and the volume 
of undesirable spray at taxying speeds. The slipstream reduces 
the height and amount of water striking the tail surfaces at high 
speeds, " It is not very clear whether the running propellers had 
any strong influence on the relatively heavy spray blister as 
such, or whether their effect was limited to the reasonably light 
spray ordinarily f^und in the air near a blister. The statement 
regarding slipstream effect at high speeds (that it reduces "the 
height and amount of water striking the tail surfaces"), can 
hardly be intended to ar jly to anything other than the light spray 
found near the afterbody at high speeds when self-propulsion is 
not employed. 

If the propellers were to get into the relatively heavy spray 
blister at taxying spoeds, it seems almost inevitable that they 
would suffer serious damage. On the other hand, it is not sur- 
prising that they pick up a large amount of light, loose spray and 
fling it back over the wing. It would appear possible that the 
slipstream might lower the height of the blister aft of the plane 
of the propeller disk, because of the relatively higher air 
velocities existing there. The experience with the XPB2M-1 de- 
scribed previously appears to indicate, however, that the slip- 
stream aft of the plane of rotation may not have any appreciable 
influence on the heavier water in the true blister. 

It is not thought that the region ahead of the plane of ro- 
tation could be very strongly influenced because of the relatively 
lew air velocities in this region. It is known, of course, that 
idling propellers on landplanes will pick up spray from a puddle 
directly underneath the propeller and that the propeller will some- 
times, when rotating at somewhat higher speed, condense spray out 
of the atmosphere. The actual mass of water involved in both of 
these cases ifi, however, very small. It is suggested therefore 
that, in most instances where the propeller picks up spray, very 
low masses of Water are involved - which may pit the propeller 
blades tut scarcely cause structural damage to the airplane. 
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Systematic, quantitative experiments with a self-propelled 

model would "be of considerable aid in clearing up the influence 
of propellers on the spray character! sties 4 Until further evi- 
dence is available on tills point, however, it is believed that, 
in most reasonably conventional cases, the spray blisters on 
flying boat and mo&ol can be expected tc be strikingly similar 
under corresponding conditions. 
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CORRESPONDING MODELS IN REPORT NO. 183 (SEE REFERENCE 2) ARE NUMBERED AS FOLLOWS: 
10°DEaDRISE, NO. 400-1; 20°DEADRISE, NO. 339-1; 30°DEADRISE, NO. 401-1. 



MODEL NO. 

BEAIZ AT MAIN STEP, IN. 
DEADRISE AT MAIN STEP, DEG 
STEP HEIGHT, IN. 

ANGLE BETWEEN FORE- AND AFTERBODY KEELS, DEG 

AFTERBODY LENGTH, IN. 

C.G. FORWARD OF MAIN STEP, IN. 

C.G. ABOVE B.L. ,IN. 

ANGLE BETWEEN FOREBODY KEEL AND B.L., DEG 
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439-1 


439-3 


5.40 


5.40 


5.40 


10.0 


20.0 


30.0 


0.27 


0.27 


0.27 


7.0 


7.0 


7.0 


14.85 


14.85 


14.85 


2.33 


2.33- 


2.33 


4.89 


4.89 


4.89 


2.0 


2.0 


2.0 



MODEL 439-2 



MODEL 439-1 



MODEL 439-3 





STATION NOS ARE INCHES AFT Of F P ON MODEL 



Figure 3. body plans of models 
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Fig. 2 
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Figure 4. -Profile Drawing of Hulls Showing location of Grid Painted 

on Starboard Side 



Figs. 4,5 
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Fig* 6 
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C v b approximately 2.5 ■ 



The hump occurs at Cv = approximately 2.8 
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Fig. 10 
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Figs. 1.1,12 
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Figure 1 1 .- Envelopes of Peaks 
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Figs. 13, 14 
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Figs. 15,16 
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Figs. 29,30 
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Figure: 33. - Envelopes of Peaks 
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